Unresectable locally advanced or metastatic triple-negative (hormone-receptor-negative and human epidermal growth factor receptor 2 [HER2]-negative) breast cancer is an aggressive disease with poor outcomes. Nanoparticle albumin-bound (nab)-paclitaxel may enhance the anticancer activity of atezolizumab.
T riple-negative breast cancer is the term used to describe breast cancers that lack estrogen-and progesterone-receptor expression and do not overexpress human epidermal growth factor receptor 2 (HER2). Patients with triple-negative breast cancer have poor clinical outcomes. 1, 2 Chemotherapy remains the primary systemic treatment, with international guidelines supporting the use of single-agent taxanes or anthracyclines as first-line therapy. [3] [4] [5] Estimates of the median overall survival vary but remain approximately 18 months or less. [6] [7] [8] In patients with triple-negative breast cancer, the expression of programmed death ligand 1 (PD-L1) occurs mainly on tumor-infiltrating immune cells rather than on tumor cells 9, 10 and can inhibit anticancer immune responses. 11, 12 Thus, the inhibition of programmed death 1 (PD-1) and PD-L1 may be a useful treatment strategy.
Atezolizumab selectively targets PD-L1 to prevent interaction with the receptors PD-1 and B7-1 (a costimulatory cell-surface protein), reversing T-cell suppression. Single-agent atezolizumab is approved for the treatment of metastatic urothelial carcinoma and non-small-cell lung cancer (NSCLC).
13, 14 Atezolizumab has also been shown to have a good safety profile and clinical activity in patients with other solid tumors, 12 including triple-negative breast cancer. 15 Chemotherapy may enhance tumor-antigen release and antitumor responses to immune checkpoint inhibition. Taxanes in particular may additionally activate tolllike receptor activity and promote dendritic-cell activity. 16 Nanoparticle albumin-bound (nab)-paclitaxel was selected as a partner because, at the time that the trial was designed, the glucocorticoid premedication that is required with solvent-based paclitaxel (per the label) had been hypothesized to affect immunotherapy activity. 17 The safety profile and activity of atezolizumab with nab-paclitaxel have been shown in patients with advanced NSCLC (in phase 1b and 3 studies) and those with triple-negative breast cancer (in a phase 1b study). [18] [19] [20] The phase 1b study involving patients with breast cancer showed that atezolizumab-mediated immunodynamic effects were not abrogated with concurrent administration of nab-paclitaxel. 20 Here we report the results of the IMpassion130 trial, an international, randomized, double-blind, placebo-controlled trial of first-line atezolizumab plus nab-paclitaxel, as compared with placebo plus nab-paclitaxel, in patients with locally advanced or metastatic triplenegative breast cancer.
Me thods

Oversight
The trial sponsor, F. Hoffmann-La Roche/Genentech, provided atezolizumab and placebo and collaborated with an academic steering committee regarding the trial design and data collection, analysis, and interpretation. Celgene provided nab-paclitaxel; the company had no role in the trial design or data collection or analysis but did review the manuscript. The trial was conducted according to the guidelines of Good Clinical Practice and the principles of the Declaration of Helsinki. All the patients provided written informed consent. Protocol approval was obtained from independent review boards or ethics committees at each site. An independent data and safety monitoring committee reviewed unblinded safety and trial-conduct data every 6 months. All the authors verify that the trial was conducted according to the protocol and vouch for the accuracy and completeness of the data. All the drafts of the manuscript were prepared by the authors, with editorial assistance from professional medical writers funded by the sponsor.
Patients
Eligible patients were 18 years of age or older and had metastatic or unresectable locally advanced, histologically documented triple-negative breast cancer (lack of estrogen-and progesteronereceptor expression and no overexpression of HER2, according to American Society of Clinical Oncology-College of American Pathologists guideline criteria, as evaluated by local institutions). 21, 22 Patients had a representative tumor specimen (formalin-fixed, paraffin-embedded archival or fresh pretreatment relapsed-disease tumor tissue) that could be evaluated for prospective central testing of PD-L1 expression (SP142 PD-L1 immunohistochemical assay, Ventana Medical Systems). Patients were eligible to receive taxane monotherapy and had received no previous chemotherapy or targeted therapy for metastatic triple-negative breast cancer. Radiation therapy and previous chemotherapy (including taxanes) in the context of curative therapy (if treatment was completed ≥12 months before randomization)
T h e ne w e ngl a nd jou r na l o f m e dicine were allowed. Measurable disease according to the Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1, an Eastern Cooperative Oncology Group performance-status score of 0 or 1 (on a 5-point scale, with higher numbers indicating greater disability), and adequate hematologic and organ function were also required.
Key exclusion criteria were untreated central nervous system (CNS) disease (patients with asymptomatic treated CNS metastases were permitted), a history of autoimmune disease, previous immune checkpoint-targeting therapies, recent treatment with a systemic immunostimulatory agent (received within the previous 4 weeks or 5 half-lives of the drug, whichever was shorter), and the use of systemic glucocorticoid or immunosuppressive medications. The full eligibility criteria (including exceptions to exclusions regarding glucocorticoid therapy) are provided in the protocol, available with the full text of this article at NEJM.org.
Trial Design and Procedures
Patients were randomly assigned in a 1:1 ratio, with the use of a permuted block method and an interactive voice-Web response system, to receive atezolizumab plus nab-paclitaxel or placebo plus nab-paclitaxel. Stratification factors were the presence or absence of liver metastases, use or nonuse of neoadjuvant or adjuvant taxane treatment, and PD-L1 expression on tumor-infiltrating immune cells as a percentage of tumor area (<1% [PD-L1 negative] vs. ≥1% [PD-L1 positive]) according to immunohistochemical testing. Scoring regarding PD-L1 expression has been described previously 15, 23 (see the Supplementary Methods section in the Supplementary Appendix, available at NEJM.org). The trial sponsor, site personnel, and patients were unaware of patients' PD-L1 status.
Patients received atezolizumab at a dose of 840 mg or placebo, administered intravenously, on days 1 and 15 and received nab-paclitaxel at a dose of 100 mg per square meter of body-surface area, administered intravenously, on days 1, 8, and 15 of every 28-day cycle. Patients received the trial intervention until progression, according to RECIST, version 1.1, or an unacceptable level of toxic effects occurred. In the absence of toxic effects, nab-paclitaxel was to be administered for six cycles or more. In the absence of disease progression, the discontinuation of atezolizumab or placebo or of nab-paclitaxel (owing to toxic effects) could occur independently. Dose reductions of atezolizumab or placebo were not permitted; prespecified modifications of the nabpaclitaxel dose were permitted in order to manage the toxic effects of chemotherapy. Tumor imaging occurred at baseline and every 8 weeks for 12 months and then every 12 weeks. Followup for survival occurred every 3 months after the discontinuation of the intervention.
The two primary efficacy end points, investigator-assessed progression-free and overall survival, were evaluated in both the intention-totreat population, which included all the patients who had undergone randomization, and the subgroup of patients with PD-L1-positive tumors (expression on tumor-infiltrating immune cells ≥1% [PD-L1-positive subgroup]). Key secondary efficacy end points were the rate and duration of objective response, as assessed by the investigators according to RECIST, version 1.1. Safety was evaluated according to the Common Terminology Criteria for Adverse Events, version 4.0, of the National Cancer Institute. Additional details regarding the trial design, including key protocol amendments, are available with the protocol.
Statistical Analysis
The trial was initially designed to randomly assign approximately 350 patients for the evaluation of a primary end point of progression-free survival. During the course of the trial, enrollment was expanded to 900 patients to accommodate the addition of overall survival as a second primary end point. Definitive analyses of progression-free survival in the intention-to-treat population and in the PD-L1-positive subgroup were planned, at which time the first interim analysis of overall survival was also planned. The type I error (0.05) was controlled and split between the analyses of progression-free survival (0.01) and T h e ne w e ngl a nd jou r na l o f m e dicine overall survival (0.04), with hierarchical testing for overall survival first in the intention-to-treat population and then in the PD-L1-positive subgroup (see the Supplementary Methods section in the Supplementary Appendix). The trial had 95% power for the primary analysis of progression-free survival among patients in the intention-to-treat population and 88% power for the analysis of overall survival. Progression-free survival and overall survival were compared between the trial groups with the use of a stratified log-rank test, and hazard ratios for disease progression and death were estimated with the use of a stratified Cox proportional-hazards model. Kaplan-Meier analysis was applied to progression-free survival and overall survival, and the Brookmeyer-Crowley method was used to construct the 95% confidence interval for each median duration. Similar methods were applied to the duration of response for descriptive purposes, and the analysis was not stratified. The comparisons of the response rate between groups were made with the use of the stratified Cochran-Mantel-Haenszel test.
R esult s
Patients and Trial Interventions
From June 2015 through May 2017, a total of 902 patients (intention-to-treat population) were enrolled at 246 sites in 41 countries; a total of 348 patients (38.6%) were enrolled in Europe, 230 (25.5%) in the United States and Canada, 145 (16.1%) in Asia, 137 (15.2%) in Latin America, and 42 (4.7%) in Australia (see the Supplementary Appendix). A total of 451 patients were randomly assigned to each group (Fig. 1) . The PD-L1-positive subgroup included 369 patients (40.9%; 185 patients in the atezolizumab-nabpaclitaxel group and 184 in the placebo-nabpaclitaxel group).
Overall, the characteristics of the patients at baseline were well balanced between the two trial groups, and the baseline characteristics of the patients in the PD-L1-positive subgroup appeared to be generally representative of the intention-to-treat population (Table 1) . Approximately half the patients had been treated with neoadjuvant or adjuvant taxane or anthracycline chemotherapy ( Table 1) .
The numbers of patients who were still receiving the trial intervention at the time of analysis (data cutoff, April 17, 2018 ) are shown in Figure 1 . For patients in the atezolizumabnab-paclitaxel group, the median duration of atezolizumab treatment was 24.1 weeks and the median duration of nab-paclitaxel treatment was 22.1 weeks. For patients in the placebo-nabpaclitaxel group, the median duration that placebo was received was 22.1 weeks and the median duration of nab-paclitaxel treatment was 21.8 weeks. The mean (±SD) cumulative dose of nab-paclitaxel was 1980.0±1303.1 mg per square meter in the atezolizumab-nab-paclitaxel group and 1764.4±1238.3 mg per square meter in the placebo-nab-paclitaxel group. (Additional exposure and dose-intensity data are provided in Table S1 in the Supplementary Appendix.) Palliative radiation therapy was administered in 32 patients (7.1%) in the atezolizumab-nab-paclitaxel group and in 24 (5.3%) in the placebo-nabpaclitaxel group.
Final Progression-free Survival Analysis
At the time of data cutoff, the median follow-up was 12.9 months in the intention-to-treat population (13.0 months in the atezolizumab-nabpaclitaxel group and 12.5 months in the placebonab-paclitaxel group). A total of 358 patients (79.4%) in the atezolizumab-nab-paclitaxel group and 378 (83.8%) in the placebo-nab-paclitaxel group had disease progression or died. Progression-free survival was significantly longer in the atezolizumab-nab-paclitaxel group than in the placebo-nab-paclitaxel group (median, 7.2 months vs. 5.5 months; stratified hazard ratio for progression or death, 0.80; 95% confidence interval [CI], 0.69 to 0.92; P = 0.002) ( Fig. 2A) .
In the PD-L1-positive subgroup, 138 of 185 patients (74.6%) in the atezolizumab-nab-paclitaxel group and 157 of 184 patients (85.3%) in the placebo-nab-paclitaxel group had disease progression or died. A significantly lower risk of progression or death was observed with atezolizumab-nab-paclitaxel than with placebo-nabpaclitaxel (median progression-free survival, 7.5 months vs. 5.0 months; stratified hazard ratio for progression or death, 0.62; 95% CI, 0.49 to 0.78; P<0.001) (Fig. 2B) . At 1 year, the rate of progression-free survival was higher in the atezolizumab-nab-paclitaxel group than in the placebonab-paclitaxel group (29.1% vs. 16.4%).
In sensitivity analyses, the assessments of progression-free survival were confirmed by means of * The summary statistics are based on the full population indicated in the column heading. If data regarding the baseline characteristic were not available for all patients, the total number of patients who could be evaluated for this characteristic is presented. The characteristics of the patients at baseline were well balanced between the two trial groups, and the baseline characteristics of the patients in the PD-L1-positive subgroup appeared to be generally representative of the intention-to-treat population. Percentages may not total 100 because of rounding. Nab-paclitaxel denotes nanoparticle albumin-bound paclitaxel. † Race and ethnic group were reported by the patients. ‡ Eastern Cooperative Oncology Group (ECOG) performance-status scores are assessed on a 5-point scale, with higher numbers indicating greater disability. A score of 0 indicates no disability, a score of 1 that the patient is ambulatory and capable of light work but restricted in physically strenuous activity, and a score of 2 that the patient is ambulatory, awake and active more than 50% of waking hours, and capable of all self-care but unable to work. Two patients were enrolled with an ECOG performance-status score of 1 but had a score of 2 at the start of the trial intervention. § Data were from the case-report form. Figure 3 . The median progression-free survival was longer with atezolizumab-nab-paclitaxel than with placebo-nab-paclitaxel in the majority of subgroups, including subgroups that were defined on the basis of trial stratification factors and other baseline characteristics, in both the intention-to-treat population and the PD-L1-positive subgroup (Fig. S1 in the Supplementary Appendix).
Interim Overall Survival Analysis
At the time of the data cutoff and first interim analysis of overall survival in the intention-totreat population, 181 of 451 patients (40.1%) in the atezolizumab-nab-paclitaxel group and 208 of 451 (46.1%) in the placebo-nab-paclitaxel group had died. The median overall survival was 21.3 months in the atezolizumab-nab-paclitaxel group and 17.6 months in the placebo-nabpaclitaxel group (stratified hazard ratio for death, 0.84; 95% CI, 0.69 to 1.02; P = 0.08 [not significant]) (Fig. 2C ).
In the PD-L1-positive subgroup, 64 of 185 patients (34.6%) in the atezolizumab-nab-paclitaxel group and 88 of 184 (47.8%) in the placebonab-paclitaxel group died. Because of the hierarchical statistical analysis procedure, formal testing of overall survival in the PD-L1-positive subgroup was not conducted at this interim analysis. However, Kaplan-Meier analyses showed a median overall survival of 25.0 months in the atezolizumab-nab-paclitaxel group and 15.5 months in the placebo-nab-paclitaxel group (stratified hazard ratio for death, 0.62; 95% CI, 0.45 to 0.86) (Fig. 2D) .
Subsequent anticancer therapy was administered to 242 patients (53.7%) in the atezolizumabnab-paclitaxel group and to 272 (60.3%) in the placebo-nab-paclitaxel group and was generally balanced between the two groups. Most patients received chemotherapy during follow-up, and only a minority (<4%) received immunotherapy (Table S2 in the Supplementary Appendix).
Response Rate and Duration Outcomes
In the intention-to-treat population, the rate of objective response, as assessed by the investigator, was 56.0% in the atezolizumab-nab-paclitaxel group, as compared with 45.9% in the placebonab-paclitaxel group (Table 2) . A total of 7.1% of the patients in the atezolizumab-nab-paclitaxel group had a complete response, as compared with 1.6% of those in the placebo-nab-paclitaxel group. In the PD-L1-positive subgroup, the response rate was 58.9% with atezolizumab-nabpaclitaxel and 42.6% with placebo-nab-paclitaxel; a total of 10.3% of the patients in the atezolizumab-nab-paclitaxel group had a complete response, as compared with 1.1% of those in the placebo-nab-paclitaxel group (Table 2 ).
In the intention-to-treat population, the median duration of response was 7.4 months in the atezolizumab-nab-paclitaxel group and 5.6 months in the placebo-nab-paclitaxel group. In the PD-L1-positive subgroup, the median duration of response was 8.5 months with atezolizumabnab-paclitaxel and 5.5 months with placebo-nabpaclitaxel ( Table 2 , and Fig. S2 in the Supplementary Appendix).
Safety
Among patients in the safety population, adverse events, regardless of attribution, occurred in 99.3% of 452 patients in the atezolizumab-nabpaclitaxel group and in 97.9% of 438 patients in the placebo-nab-paclitaxel group (Table 3, and  Tables S3 and S4 in the Supplementary Appendix). The most common adverse events were similar in the two groups (Table 3, and Table S4 T h e ne w e ngl a nd jou r na l o f m e dicine in the Supplementary Appendix), with no new adverse events identified. Alopecia was the most common event in each group. The frequencies of nausea, cough, neutropenia, pyrexia, and hypothyroidism were at least 5 percentage points greater in the atezolizumab-nab-paclitaxel group than in the placebo-nab-paclitaxel group. The rate of adverse events of grade 3 or 4 was 48.7% in the atezolizumab-nab-paclitaxel group and 42.2% in the placebo-nab-paclitaxel group, and the most common events in these groups (as assessed by the investigator) were neutropenia, decreased neutrophil count, peripheral neuropathy, fatigue, and anemia (Table 3 ). The frequency of peripheral neuropathy of grade 3 or 4 was higher in the atezolizumab-nab-paclitaxel group (25 patients [5.5%]) than in the placebo-nabpaclitaxel group (12 patients [2.7%]). Serious adverse events occurred in 103 patients (22.8%) in the atezolizumab-nab-paclitaxel group and in 80 (18.3%) in the placebo-nab-paclitaxel group (Table S3 in the Supplementary Appendix).
A total of 259 patients (57.3%) in the atezolizumab-nab-paclitaxel group and 183 (41.8%) in the placebo-nab-paclitaxel group had an adverse event of special interest, which was suggestive of a potential immune-related cause (Tables S3 and   S5 in the Supplementary Appendix). Grade 3 or 4 adverse events of special interest occurred in 34 patients (7.5%) in the atezolizumab-nab-paclitaxel group and in 19 (4.3%) in the placebo-nabpaclitaxel group. Two grade 5 adverse events of special interest occurred (autoimmune hepatitis in 1 patient in the atezolizumab-nab-paclitaxel group and hepatic failure in 1 patient in the placebo-nab-paclitaxel group). Immune-related hypothyroidism occurred at a higher frequency in the atezolizumab-nab-paclitaxel group than in the placebo-nab-paclitaxel group (17.3% vs. 4.3%); all the events were of grade 1 or 2, and none led to the discontinuation of the trial regimen. Pneumonitis was infrequent, occurring in 3.1% of the patients in the atezolizumab-nab-paclitaxel group and in 0.2% of those in the placebonab-paclitaxel group; only 1 patient (in the atezolizumab-nab-paclitaxel group) had an event of grade 3 or 4.
Adverse events that were attributed to the trial regimen by the investigators are reported in Table S6 in the Supplementary Appendix. Fatal adverse events occurred in 6 patients (1.3%) in the atezolizumab-nab-paclitaxel group and in 3 (0.7%) in the placebo-nab-paclitaxel group (Table S3 in the Supplementary Appendix); three deaths in the atezolizumab-nab-paclitaxel group (from autoimmune hepatitis, mucosal inflammation, and septic shock, in 1 patient each) and one death in the placebo-nab-paclitaxel group (from hepatic failure) were considered by the investigators to be related to the trial regimen (Table S6 in the Supplementary Appendix). Adverse events that led to withdrawal of any agent occurred in 15.9% of the patients who received atezolizumab-nab-paclitaxel group and in 8.2% of those who received placebo-nab-paclitaxel group. A total of 29 patients (6.4%) had adverse events that led to the discontinuation of atezolizumab, and 6 (1.4%) had adverse events that led to the discontinuation of placebo (Table S3 in the Supplementary Appendix).
Discussion
We report here the primary results from IMpassion130, a phase 3 trial of an anti-PD-L1 An exploratory forest-plot analysis of progression-free survival according to baseline characteristics is shown for the intention-to-treat population. The dashed line represents the value in the intention-to-treat population. Unstratified hazard ratios for progression or death are shown. The analyses in the subgroups of race, disease status at baseline, and status of disease involving only the lymph nodes excluded patients with unknown or other values for the indicated categories. PD-L1-positive status was defined as PD-L1 expression on tumorinfiltrating immune cells of 1% or more. Race was reported by the patients. Eastern Cooperative Oncology Group (ECOG) performance-status scores are assessed on a 5-point scale, with higher numbers indicating greater disability; data are not shown for two patients with an ECOG performance-status score of 2 (a score of 2 indicates that the patient was ambulatory, awake and active >50% of waking hours, and capable of all self-care but unable to work).
T h e ne w e ngl a nd jou r na l o f m e dicine Odds ratios are presented for analyses of response, and unstratified hazard ratios for progression or death, without P values, are shown for between-group analyses of duration of response. † Data include only patients who had measurable disease at baseline. ‡ The result was not significant on the basis of an alpha level of 0.1%. § The duration of response was assessed among patients with an objective response. ¶ Patients who had an ongoing response at the data-cutoff date (April 17, 2018) were those who were alive and did not have progressive disease. or anti-PD-1 antibody in patients with metastatic triple-negative breast cancer. Administered as first-line treatment, the combination of atezolizumab with nab-paclitaxel led to significantly longer progression-free survival than was seen with placebo plus nab-paclitaxel in both the intention-to-treat population and the subgroup of patients with PD-L1-positive tumors. Although the boundary for declaring a statistical advantage for atezolizumab-nab-paclitaxel in the intentionto-treat population at this first interim analysis of overall survival was not crossed, and formal testing was not performed in the PD-L1-positive subgroup, numerical increases in median overall survival were observed in both the intention-totreat population and the PD-L1-positive subgroup.
A clinical benefit with atezolizumab-nabpaclitaxel was particularly notable in the PD-L1-positive subgroup, as shown by a median progression-free survival that was significantly longer by 2.5 months (7.5 months with atezolizumab-nab-paclitaxel vs. 5.0 months with placebonab-paclitaxel; hazard ratio for progression or death, 0.62), by a median overall survival that was 10 months longer at this interim analysis (25.0 months vs. 15.5 months; hazard ratio for death, 0.62 [not statistically tested]), and a numerically higher objective response rate (58.9% vs. 42.6%). These data confirm phase 1 observations of improved outcomes in patients with high PD-L1 expression who were receiving treatment with atezolizumab, 15 pembrolizumab, 24 or avelumab. 25 As has been found regarding existing chemoimmunotherapy data from patients with other solid tumors who received atezolizumab plus chemotherapy 26 or pembrolizumab plus chemotherapy, 27 this trial establishes the benefit of adding a checkpoint inhibitor to standard chemotherapy for the first-line treatment of metastatic triple-negative breast cancer, with most of the benefit realized in the PD-L1-positive subgroup.
Combination therapy with atezolizumab plus nab-paclitaxel had a safety profile that was consistent with the known toxic effects of each agent. Consistent with observations from other atezolizumab-chemotherapy combination trials, 19, 26 no new adverse-event signals were observed. The incidence of grade 3 or 4 adverse events of special interest was higher in the atezolizumab-nab-paclitaxel group than in the placebo-nab-paclitaxel group (7.5% vs. 4.3%). Discontinuations of either agent were higher in the atezolizumab-nab-paclitaxel group than in the placebo-nab-paclitaxel group; however, atezolizumab did not compromise the dose intensity of nab-paclitaxel.
This trial has a number of strengths. The trial groups were well balanced with respect to clinical characteristics at baseline and subsequent post-protocol therapies, which suggests that the observed improvements with regard to efficacy were not confounded by these factors. The unique spectrum of adverse events that are associated with immune checkpoint blockade T h e ne w e ngl a nd jou r na l o f m e dicine does necessitate supplementary monitoring and treatment practices beyond those that are required for chemotherapy. 28 The trial showed activity for the combination of atezolizumab and nab-paclitaxel in patients with metastatic triplenegative breast cancer; it remains to be determined whether these findings extend to other chemoimmunotherapy combinations. Previous data have shown that tumor-infiltrating lymphocytes were associated with clinical benefit in patients with triple-negative breast cancer. 15, [29] [30] [31] Similarly, improved clinical benefit was observed in patients with immune-enriched molecular subtypes of metastatic triple-negative breast cancer. 32 A benefit with atezolizumab-nab-paclitaxel in patients with PD-L1-positive tumors that was shown in our trial provides evidence of the efficacy of immunotherapy in at least a subset of patients. It is important for patients' PD-L1 expression status on tumor-infiltrating immune cells to be taken into consideration to inform treatment choices for patients with metastatic triple-negative breast cancer.
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